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Abstract
Background: In Chad, several species of tsetse flies (Genus: Glossina) transmit African animal
trypanosomoses (AAT), which represents a major obstacle to cattle rearing, and sleeping sickness,
which impacts public health. After the failure of past interventions to eradicate tsetse, the government
of Chad is now looking for other approaches that integrate cost-effective intervention techniques,
which can be applied by the stake holders to control tsetse-transmitted trypanosomoses in a
sustainable manner. The present study thus attempted to assess the efficacy of restricted application
of insecticides to cattle leg extremities using footbaths for controlling Glossina m. submorsitans, G.
tachinoides and G. f. fuscipes in southern Chad.
Methodology/Principal Findings: Two sites were included, one close to the historical human African
trypanosomiasis (HAT) focus of Moundou and the other to the active foci of Bodo and Moissala. At both
sites, a treated and an untreated herd were compared. In the treatment sites, cattle were treated on a
regular basis using a formulation of deltamethrin 0.005% (67 to 98 cattle were treated in one of the
sites and 88 to 102 in the other one). For each herd, tsetse densities were monthly monitored using 7
biconical traps set along the river and beside the cattle pen from February to December 2009. The
impact of footbath treatment on tsetse populations was strong (p < 10-3) with a reduction of 80% in
total tsetse catches by the end of the 6-month footbath treatment.
Conclusions/Significance: The impact of footbath treatment as a vector control tool within an
integrated strategy to manage AAT and HAT is discussed in the framework of the “One Health”
concept. Like other techniques based on the treatment of cattle, this technology should be used under
controlled conditions, in order to avoid the development of insecticide and acaricide resistance in
tsetse and tick populations, respectively.
Citation: Ndeledje N, Bouyer J, Stachurski F, Grimaud P, Belem AMG, et al. (2013) Treating Cattle to Protect People? Impact of Footbath
Insecticide Treatment on Tsetse Density in Chad. PLoS ONE 8(6): e67580. doi:10.1371/journal.pone.0067580
Editor: João Pinto, Instituto de Higiene e Medicina Tropical, Portugal
Received November 28, 2012; Accepted May 21, 2013; Published June 14, 2013
Copyright: © 2013 Ndeledje et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.
Funding: CEVA Santé Animale provided the insecticide (VectocidND) used in this study, and the field work was funded by the Project
“Pôle Regional de Recherche Appliquée au développement des Systèmes Agricoles d’Afrique Centrale” (PRASAC) and the French
Embassy in Chad. FAO, in the framework of the Programme against African Trypanosomosis (PAAT), provided technical assistance to
this research, in particular through the project "Improving food security in sub-Saharan Africa by supporting the progressive reduction
of tsetse-transmitted trypanosomosis in the framework of the NEPAD" (GTFS/RAF/474/ITA), funded by the Government of Italy through
the FAO Trust Fund for Food Security and Food Safety. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript. The boundaries and names shown and the designations used on the maps presented in this
paper do not imply the expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the United Nations
(FAO) concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers
or boundaries. The views expressed in this paper are those of the authors and do not necessarily reflect the views of FAO.
PLOS ONE | www.plosone.org 1 June 2013 | Volume 8 | Issue 6 | e67580
Competing interests: The authors acknowledge that they received funding from a commercial source (CEVA Santé Animale), but it
does not alter their adherence to all the PLOS ONE policies on sharing data and materials.
* E-mail: bouyer@cirad.fr
Introduction
In Chad, agriculture accounts for over 50% of the
Gross Domestic Product (GDP), corresponding to 10
billion US$ [1], and provides employment to 65% of the
economically active population [2]. Livestock plays a
major role in the agriculture of Chad, with an estimated
standing stock of approximately 18 million ruminants:
7.2 million cattle, 1.4 million camels, 6.5 million goats,
and 3 million sheep [2]. Livestock generates income for
40% of the rural population, corresponding to 18% of
GDP [3].
African animal trypanosomoses (AAT), a group of
parasitic diseases transmitted by tsetse flies (Genus:
Glossina), represents one of the major obstacles to the
development of more productive farming systems.
Three species of tsetse are known to be present in the
country, namely Glossina morsitans submorsitans, G.
tachinoides and G. fuscipes fuscipes [4,5]. Although
recent, large-scale field data on tsetse distribution are
lacking [6], entomological prediction maps [7] and
recent unpublished updates of global livestock
distribution datasets [8] indicate that an area of 65,000
km2 may be infested by tsetse flies and that one million
cattle may be at risk of tsetse-transmitted
trypanosomosis.
In addition to AAT, human African trypanosomosis
(HAT), or sleeping sickness, also continues to impact
public health in Chad, with 2,980 cases reported from
the years 2000 to 2009 [9]. HAT cases in Chad are
caused by Trypanosoma brucei gambiense and they
are reported from the southern foci of Bodo and
Moissala, associated to the rivers Mandoul and Nana
Barya [9]. Overall, 465,000 people distributed over an
area of 14,000 km2 are estimated to be at risk of
contracting HAT [10]. In 1990, the Chadian government
launched a national programme to eradicate sleeping
sickness; the programme included information
campaigns, education and interventions against the
vector. However, as it was the case for AAT, HAT
control in Chad was largely based on curative drugs.
Past campaigns against tsetse, based on bush
clearing, game destruction, and residual spraying of
insecticides (dichlorodiphenyltrichloroethane — DDT-
dieldrin and pyrethroids) [11,12] failed to eradicate the
vectors in Chad. Presently, the government is focusing
on more sustainable and cost-effective intervention
techniques, such as insecticide treated targets and live
baits [13], which can be applied by the stake holders.
Applied research efforts are underway and in particular
a collaboration has been initiated between the Institut
de Recherche en Elevage pour le Développement
(IRED) (ex Laboratoire de Recherches Zootechniques et
Vétérinaires de Farcha) in N’djamena, Chad and the
Centre International de Recherche-Développement sur
l’Elevage en zone Sub-humide (CIRDES) in Burkina
Faso, to develop innovative control methods against
tsetse flies.
Restricted application of insecticide to the preferred
tsetse feeding areas on animal bodies, i.e. leg
extremities [14,15], has been suggested to limit the
cost of treatment while preserving the demonstrated
efficacy of the live bait technique [16]. Indeed,
restricted application of insecticide has been
recognized as a cheap, safe, and environmentally-
friendly farmer-based method to control tsetse and
animal trypanosomoses [17]. It has also been
suggested that it might be efficient to control
Rhodesian sleeping sickness, caused by T. b.
rhodesiense, for which cattle can represent an
important reservoir [18]. In addition to partial spraying,
the footbath is another technology that could be
adapted to treat the legs of cattle with pesticides.
Footbath restricted treatment was initially developed to
control the hard tick Amblyomma variegatum [19]. It
must be noted that, as for any control method using
acaricide, an inappropriate use could lead to acaricide
resistance in tick populations [20]. The risk is, however,
limited against A. variegatum because of its invasion
behaviour, leading to prolonged contact with high
doses of acaricide (see below).
Feeding by tsetse concentrates on the legs of cattle
particularly the forelegs [14]. Previous experiments
documented that restricted application of alpha-
cypermethrin at 0.005% using footbaths or by partial
spraying of the lower parts of the animal body was as
efficient and as persistent as full body spraying to kill
G. p. gambiensis and G. tachinoides [14], and efficient
enough to control G. p. gambiensis, G. tachinoides and
G. m. submorsitans [21]. Under field conditions in
Burkina Faso, restricted application of deltamethrin
0.005% using footbaths allowed a rapid decrease in the
apparent densities of G. p. gambiensis and G.
tachinoides [14]. Other field tests in Burkina Faso
showed that restricted application of deltamethrin
0.005% using footbaths led to a significant difference in
the annual incidence of AAT between a control herd
(76%) and a treatment herd (11%) [16]. Following on
these results, almost 40 footbaths were built in Burkina
Faso by development projects to control AAT [22].
The footbath technique has never been tested in
central Africa, particularly against G. m. submorsitans
and, even more importantly, against G. f. fuscipes; the
latter is considered the most important vector of
sleeping sickness in central Africa. The specific
objective of the present study was to assess the field
efficiency of footbaths to control G. m. submorsitans,
G. tachinoides and G. f. fuscipes in southern Chad. Two
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sites were included, one close to the historical HAT
focus of Moundou and the other in the proximity of the
active HAT foci of Bodo and Moissala. The overall
objective was to assess if the footbath technique might
offer an opportunity to control both AAT in cattle and
HAT in humans, following the One Health concept.
Materials and Methods
Ethical statement
Sample collection was approved by the Comité de
pilotage, de suivi et d’éthique of the National
Agricultural System of Chad, which reviews and
approves all field and experimental vet protocols
carried out by IUSTA (Institut Universitaire des Sciences
et Techniques d’Abéché). Cattle belonged to local
farmers, and insecticide treatment was carried out with
the cattle owners’ permission.
Tsetse flies were collected in traps laid along the
river system on national territory, where IUSTA has a
mandate to keep track of entomological tsetse
densities.
Study sites
The maps depicted in Figures 1A and 1 B show the
general location of the study areas in Africa and Chad,
respectively. From October to December 2008, regular
missions allowed to identify herds close enough to be
submitted to similar tsetse challenge, but spatially
independent (absence of common herd water points
and grazing area). The first site (Figure 1C) was located
in the vicinity of Tapol, region of Moundou. At this site,
the footbath-treated herd was located in the village of
Guel, and the negative control herd was in the village
of Domane 1. The second site (Figure 1D) was located
in the vicinity of Moussafoyo, in the region of Sarh,
close to the border with the Central African Republic
(CAR). The treated herd was located at the site
designated Moussafoyo 1 and the negative control herd
was at the site designated Moussafoyo 2.
At both sites mean annual rainfall was 1,200 mm,
with a rainy season stretching from May to September.
Most of the farmers in these villages were settled and
their cattle were mainly used for draught power. At
each site, the treatment and control herds were located
4 to 8 km apart and they were watered at different
sections of the same river. Their grazing areas were
also distinct.
In Moundou, the riverine vegetation along the
tributaries serving as water points is a closed gallery
forest whereas in Sarh, the river is much bigger and the
riverine vegetation is open. At both sites, the
neighbouring vegetation is constituted by dry forests,
woody and bushy savannah, and strong human
encroachment existed. Tsetse habitats are very much
fragmented by crops. During the rainy season, tall
grasses grow in the savannah areas allowing tsetse to
disperse around the river course due to an increase of
the relative humidity.
Entomological monitoring
At each site, 7 biconical traps [23] were set along the
river and beside the cattle pen from February to
December 2009 (Figure 1 C& D). In Guel (treatment
site), five traps were set every 100m along one single
river section located at ~1km from the cattle pen and
two others at 40 and 60m from the cattle pen. In
Domane 1 (negative control), two river sections were
monitored; the first with three traps set every 100m
and located at 4.4km from the cattle pen and the
second with two traps set at 180m from each other and
located at 2.2km from the cattle pen. Two traps were
set at 130 and 180m from the cattle pen. In
Moussafoyo 1 (treatment site), five traps were set
along a single 360m river section located at 3km from
the cattle pen, at distances between 50 and 200m from
each other. Two other traps were set at 100m from the
cattle pen. In Moussafoyo 2 (negative control site), one
single river section of 500m located at ~300m from the
cattle pen was monitored using 5 traps set every 80 to
140m. Two traps were set at 200m from the cattle pen.
Tsetse flies were collected every 48 h during 6 days,
at a monthly frequency. After capture, flies were
identified to the species level.
Initial serological prevalence
In order to evaluate the trypanosomoses risk, 50
animals were selected randomly from each herd in
November 2008 to obtain blood samples. Samples
were tested for Trypanosoma brucei brucei, T.
congolense and T. vivax with the indirect ELISA-method
that detects anti-trypanosome antibodies in plasma, to
ascertain past or present infections with trypanosomes
[24].
Cattle treatments
Animals were treated against AAT following a
footbath protocol described previously in the study of
Stachurski & Lancelot [19] using a formulation of
deltamethrin 0.005% (1 mL/L water, VectocidND)
according to label instructions from 28 May 2009 at
Guel and 12 June 2009 at Moussafoyo 1. Footbaths
were ~3.5m long, 1m wide, and 0.4m deep. The level
of the formulation was adjusted at ~19cm high before
each treatment, which corresponded to a volume of
~240L. The mean uptake by treatment per head of
cattle was estimated at 200 mL. Animals were treated
every 3 days from June to August, and weekly from
September to December. The number of animals by
treatment varied from 67 to 98 in Guel and 88 to 102 in
Moussafoyo 1. The total number of animals treated per
month at each site is presented in Figure 2. A total of
3,693 and 3,551 individual treatments were recorded in
Guel and Moussafoyo1, respectively.
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Treatment time was not recorded during this study.
In similar conditions in Burkina Faso however, 60 cattle
were treated in ~8 min [14].
Statistical analysis
A Poisson distribution was used for modelling the
response variable which was the total Glossina catches
for 6 days. Observations were repeated for each trap,
thus introducing a between-observation dependency.
To account for this, we used a Poisson regression
model with random effects [25]. The only random
effect was the trap, representing the deviation of trap j
 on the mean (unknown) tsetse apparent density d i j for
a given capture event i:
log(d i j) = b0, j + b1 x 1, i j + … + b p x p, i j
Model intercept was b0; j = b0 + uj where b 0 was the
overall population mean, and u j was the random effect
associated with trap j. It was assumed that u j was
distributed according to a Gaussian distribution with a
null mean and a variance υ2 (to be estimated). The
numbers b 0, b 1 … b p were the fixed-effect coefficients
(to be estimated). The full model was y i j = d i j + e i j,
where y i j was the observed count, assumed to follow a
Poisson distribution conditionally on trap j and
explanatory variables; e i j was the residual error.
Figure 1.  Study sites for impact assessment of footbath insecticide treatment on tsetse apparent
density in Chad.  The red boxes in panels A and B show the global and specific study areas, respectively,
corresponding to panels C and D. The hydrological network shown in sections B, C and D is the HydroSHEDS 15-
arcsecond river network of Africa [49].
doi: 10.1371/journal.pone.0067580.g001
Treating Cattle to Protect People?
PLOS ONE | www.plosone.org 4 June 2013 | Volume 8 | Issue 6 | e67580
The explanatory variables were the time (in months)
from the beginning of the treatment, the treatment
type (negative control i.e. without any insecticide
treatment or footbath), and the region (Sarh or
Moundou).
Data analysis was performed with the R software [26]
and the additional package lme4 [27].
Results
Tsetse species
The total number of tsetse flies captured during
experiments was 921. The species composition was
different between sites. In Moundou, the two species
captured were G. f. fuscipes (390 flies) and G.
tachinoides (42), corresponding respectively to 90.3%
(s.d. 1.4%) and 9.7% (s.d. 1.4%) of the captures. In
Sarh, three species, i.e. G. f. fuscipes (223), G. m.
submorsitans (136) and G. tachinoides (130) were
captured corresponding to 47.5% (s.d. 2.3%), 29.0 (s.d.
2.1%) and 27.7% (s.d. 2.1%) of the captures,
respectively.
Serological prevalence
For T. vivax, the serological prevalence was not
different between Moundou and Sarr (χ2 = 3.4, df = 1,
p-value = 0.07), and it averaged 14% (s.d. 2%). The
mean prevalence in Moundou was 9% (s.d. 3%) and no
difference was observed between treatment and
negative control site (χ2 = 0.49, df = 1, p-value =
0.48), with a mean prevalence of 9% (s.d. 3%). In Sarh
Figure 2.  Monthly number of treated cattle at the four study sites for the impact assessment of
footbath insecticide treatment on tsetse apparent density in Chad.  Points were drawn at the dates
corresponding to the visits.
doi: 10.1371/journal.pone.0067580.g002
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however, the prevalence was higher (χ2 = 12.7, df = 1,
p < 10-3) in Moussafoyo 1 (treated herd, 34%, s.d. 7%)
than in Moussafoyo 2 (negative control, 4%, s.d. 3%).
For T. congolense, the serological prevalence was nil
in all sites whereas only one animal was positive for T.
brucei s.l. in Moussafoyo 1 (2%, s.d. 2%).
Tsetse apparent densities before treatment
Prior to experimentation, the total catches were
similar between Moundou and Sarr (p = 0.64), and
between negative control and footbath treatments (p =
0.93). Temporal variations were not significant at the
site level (p = 0.24, Figure 3), and the mean apparent
density (flies per trap and per day) was 0.64 (s.d. 0.14).
However, at the trap level, there were important
temporal variations; tsetse densities increased and
decreased in the traps located far from and close to the
river, respectively, during the rainy season.
Impact of footbath treatments
The “region” (Moundou and Sarr) fixed effect was not
significant (p = 0.62) and this variable was removed
from the model, which included time, treatment type,
and interaction between these variables as the fixed
effects (Table 1), and trap number as the random
effect.
The impact of footbath treatment on tsetse total
catches was strong and significant (Table 2, interaction
time * treatment footbath, p < 10-3). Table 2 presents
the monthly reduction of tsetse total catches using the
catches of the former month as baseline. Overall,
footbath treatment resulted in a 80% reduction of
tsetse total catches within 6 months.
Fitness of the predictions by the model was adequate
in general (Fig. Sl, panel a), but slightly overestimated
for small values and underestimated for high values. In
addition, random effects were slightly asymmetrical in
comparison to a normal distribution (Figure S1, panel
Figure 3.  Tsetse total catches (log scale) at the treatment (top) and control (bottom) sites in the two
regions of southern Chad.  The black line represents the mean observed values; the light grey lines depict the
observed values for the individual traps, and the black vertical dashed line indicates the start of footbath
treatments.
doi: 10.1371/journal.pone.0067580.g003
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b). Some traps performed differently from others
(Figure S1, panel c), probably as a consequence of the
patchy pattern of tsetse fly distribution. However, the
impact on the estimation of the fixed-effect coefficient
was limited so all the data were kept in the analysis.
Discussion
Footbath treatment of cattle using deltamethrin
0.005% allowed a strong and significant reduction of
tsetse apparent densities in Chad at the two study sites
where G. f. fuscipes and G. m. submorsitans are the
predominant species. Even though the preferred
feeding sites of G. f. fuscipes have not been studied, it
is likely that the legs are a predilection feeding site for
most tsetse species because that location provides the
flies a means to evade defence behaviors of cattle.
Actually, tsetse are very easily disturbed during
feeding as they cannot afford high mortality rates
during blood intake [28].
The study sites are close to a historical and still
active sleeping sickness foci where G. f. fuscipes is the
main disease vector [29]. Results are in agreement
with those obtained using footbath treatments against
G. p. gambiensis, G. tachinoides and G. m.
submorsitans in Burkina Faso [14,16,30], and in
Zimbabwe using partial spraying against G. pallidipes
and G. m. morsitans [15]. This confirms that treating
cattle using restricted application of insecticide may
allow an overall reduction in tsetse density and thus
trypanosome challenge. The impact of footbath
treatment was monitored during 6 months which
means that the treatment repeatedly reduced tsetse
densities every month, as shown by the absence of
significance of the "Time" fixed effect. This study
design is classical in field control studies [14,16].
Tsetse have a k-demographic strategy and their
densities are thus not subjected to important seasonal
or annual changes [31]. It is thus unlikely that the
same experiment conducted another year would give
different results. The apparent tsetse densities were
recorded using biconical traps, which are not as
efficacious for the different tsetse species trapped in
this study as they are for catching G. f. fuscipes and G.
tachinoides (efficacy around 0.01/sq. km. /day for the
latter species) [32]. Moreover, the percentage of tsetse
attracted to the trap that actually enter it is generally
low (<0.2) [33], and tsetse challenge for cattle is thus
probably underestimated. Moreover, tsetse trapping
rates are not independent of fly population densities,
which may prevent an accurate estimation of very low
population densities.
Considering tsetse apparent densities and serological
prevalence of trypanosomes at the study sites, the risk
for trypanosomoses can be considered low to medium
[34,35]. Wild hosts were very scarce, tsetse densities
relatively low, and their populationsfragmented, which
corresponds with a typical endemic cycle for AAT [36].
Moreover, landscape fragmentation reduces the speed
of re-invasion of the cleared water points along rivers
by reducing tsetse dispersal capacities [37]. All these
factors provide ideal conditions to apply the insecticide
treated cattle (ITC) method. However, further research
is needed to measure the impact of footbaths in areas
with higher tsetse densities and wild host densities,
that represent interface AAT [36]. The reduction
observed in fly catches ascribed to the footbath
treatment is mainly attributed to fly kill. It was
demonstrated that given the knock-down rates
observed against G. p. gambiensis, G. tachinoides and
G. m. submorsitans while following the same treatment
frequencies applied in this study, a 3% tsetse daily
mortality rate could be achieved [21]. The impact at
the population level sufficient to suppress isolated
tsetse pockets like the ones targeted in Chad [38].
However, a partial repellency is also observed when
treating cattle with footbaths using pyrethroids [14],
which might increase this killing effect, since unfed flies
are more sensitive to deltamethrin by about 50% in
comparison to fed flies [39].
Decreasing tsetse populations can contribute to
reducing the transmission risk of HAT, even in T. b.
gambiense areas. Simple epidemiological models show
that a relative density of more than 6 tsetse per human
host is necessary for disease transmission in a setting
with two hosts, in which the other host is an animal
Table 1. Fixed-effects coefficients of a mixed-effect
Poisson model of the impact of footbath treatment
of cattle on total catches of tsetse in Chad.
Fixed effects EstimateStd. Errorz valuePr(>|z|)
Intercept 1.206 0.256 4.709 2.5 10-6
Time (in months) 0.006 0.031 0.201 0.841
Footbath treatment (ref. categ. =
control) -0.564 0.387 -1.458 0.145
Interaction between time and
footbath treatment -0.262 0.066 -3.982 6.8 10 
-5
Table 2. Predicted changes in total catches of
tsetse in Chad following cattle footbath treatment,
using a mixed-effect Poisson model.
Time after treatment
(months)
Total tsetse catches
(number)
Monthly reduction in
tsetse total catches
(number)
0 1.9  
1 1.5 -0.4
2 1.1 -0.3
3 0.9 -0.3
4 0.7 -0.2
5 0.5 -0.2
6 0.4 -0.1
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[40]. Recent models show that controlling the disease
in the animal reservoir - or preventing its transmission
from the animal to the human host - is necessary to
eliminate sleeping sickness in humans, even for T. b.
gambiense [41]. Regarding T. b. rhodesiense, for which
cattle is an important reservoir [42], the impact of
footbath treatment is likely to be even more positive by
reducing tsetse challenge and minimizing reinfection
[18]. In a “single-host” situation where the animal
reservoir is not available for tsetse infection (e.g. flies
feeding on cattle are killed), the relative density of
tsetse flies over human populations must be 24 fold
higher for transmission to occur [40]. Footbath
treatments present the additional advantage of
controlling A. variegatum ticks before they reach their
predilection attachment sites, at least in farming agro-
ecosystems of the Sudanese climatic area where cattle
spend many hours grazing in natural grasslands
[19,43]. The impact on tick infestation is an additional
benefit that should encourage adoption of the
technology by farmers [38]. Uncontrolled use of
footbath treatments might lead to acaricide resistance
in tick populations and a possible exacerbation of tick-
borne diseases [20]. The risk is low for A. variegatum
because this species, which shows only one generation
yearly, temporarily attach to the feet before reaching
predilection sites [43]. It is thus subjected to high
concentration of acaricide when it first attaches to the
host. The situation is more of concern with Boophilus
species that invade their hosts as larvae through other
routes (ears in particular) and for which the restricted
application of insecticides might favour prolonged
contact with low doses of insecticides. The particular
impact of footbath treatment of cattle on ticks and tick-
borne diseases was evaluated during this trial, and will
be reported separately.
In Burkina Faso, the adoption rate of the insecticide
footbath technology by farmers was studied [22]. The
quality of technical support provided to farmers had a
strong influence. Cattle farmers’ innovation-risk
appraisal highlighted individual variations in risk
perceptions and benefits, as well as the prominent role
of the socio-technical network of cattle farmers [22]. As
such, the degree of technical follow-up after the
implementation of footbath-treatment control of tsetse
populations must be adapted to the farming system
and level of autonomy of farmer associations targeted
by the development projects. Footbaths will be
integrated in the general control strategy of AAT and
HAT in Chad (Alfaroukh, pers. com). Considering a fixed
cost of nine hundred and eighty euros to build the
footbath (and a use duration of 10 years), 72
treatments per year (every week during the dry season
and every 3 days during the 4 months rainy season),
one initial filling of the footbath and a mean uptake of
200ml per head, the total cost per year is estimated at
~one point five euros per animal for a 100 cattle herd
in Chad. A socio-economic survey using questionnaires
was organized in March 2010. From 100 farmers
surveyed, 78% considered the footbath useful, 7% had
no opinion and 4% considered it difficult to use.
Moreover, 74% considered it was efficient both against
ticks and tsetse, 16% against ticks only, and 10%
against tsetse only. Only 60% of them however were
ready to invest money to build new footbaths.
Regarding organisation, 40% wanted to use a
collaborative management scheme within herder
associations, 4% wanted to use them on an individual
basis, and the remaining believed it should be
organized by external actors. Regarding payment
frequency, 42% wanted to pay on an individual
treatment basis, 38% on a monthly basis, and 20% on
a yearly basis. Further sociological studies including a
participative approach are needed to evaluate how
daily practices of herdsmen can evolve in order to
transform this invention into a true innovation tool that
is fully integrated into production systems [22].
Restricted applications of insecticides help reduce
the amount of insecticide used by up to 90% [16],
which might in turn decrease the impact of tsetse
control on non-target organisms, particularly in cattle
dung [44].
The potential of footbath treatment to control
sleeping sickness is an advantageous characteristic,
which might favour its adoption by farmers. As
mentioned by Wellburn et al. (2006), it would be
interesting to combine such vector control methods
with the use of trypanocides, that may not achieve an
adequate control of trypanosome transmission in
humans [45]. This approach of controlling pests of
veterinary importance that transmit zoonotic agents is
a prime example of the “One Health” concept, where a
single vector control technique could mitigate the risk
for transmission of AAT in cattle and HAT in humans. As
a result, host population vulnerability and disability
could be reduced as it has been documented in
Kenya’s tsetse habitats or with Gambiense HAT
[41,46]. It has also been suggested that footbath
treatment could help control malaria when zoophilic
mosquito species like Anopheles arabiensis are the
main vectors [47]. This technology might also help
prevent the transmission of arboviruses like Rift Valley
fever, although the risk of resistance to pyrethroid
insecticides like deltamethrin in mosquitoes is high
[48].
Supporting Information
Figure S1.  Poisson model of the impact of cattle
footbath treatments on tsetse total catches in
Chad.  (a) comparison of the predicted and observed
values, (b) comparison of the random effects related to
the intercept of the Poisson model to a normal
distribution and (c) standardized differences in the
estimation of the fixed effects linked to the individual
traps.
Treating Cattle to Protect People?
PLOS ONE | www.plosone.org 8 June 2013 | Volume 8 | Issue 6 | e67580
Acknowledgements
We thank Raffaele Mattioli for the useful comments on
the manuscript.
Author Contributions
Conceived and designed the experiments: JB FS PG
AMGB FMM ZB. Performed the experiments: NN FS.
Analyzed the data: NN JB GC RL . Contributed reagents/
materials/analysis tools: JB FS ZB IOA GC RL. Wrote the
manuscript: NN JB FS PG AMGB FMM ZB GC RL.
References
1. (2009) The World Factbook. Washington, DC: Central
Intelligence Agency. Available: https://www.cia.gov/library/
publications/the-world-factbook/index.html. Accessed: 2012
September 25.
2. FAOSTAT. Rome: Food and Agriculture Organization of the
United Nations. Available: http://faostat.fao.org. Accessed:
2012 Sep 25
3. de l'ElevageduMinistère Tchad (2002) Rapport statistique,
N’Djamena. 120 p
4. Ford J, Katondo KM (1977) The distribution of tsetse flies in
Africa (3 maps); OoA Unity. Nairobi: Cook, Hammond & Kell.
5. Gruvel J (1966) Les glossines vectrices des trypanosomiases
au Tchad. Rev Elev Méd Vét Pays Trop 19: 169-212. PubMed:
5914972.
6. Cecchi G, Mattioli RC (2009) Global geospatial datasets for
African trypanosomiasis management: a review. In: G
CecchiRC Mattioli. Geospatial datasets and analyses for an
environmental approach to African trypanosomiasis. Rome:
Food and Agriculture Organization of the United Nations. pp.
1-39.
7. Wint W, Rogers D (2000) Predicted distributions of tsetse in
Africa. Rome: Food and Agriculture Organization of the United
Nations.
8. Wint W, Robinson TP (2007) Gridded livestock of the world
2007. Rome: Food and Agriculture Organization of the United
Nations.
9. Simarro PP, Cecchi G, Paone M, Franco JR, Diarra A et al.
(2010) The Atlas of human African trypanosomiasis: a
contribution to global mapping of neglected tropical diseases.
Int J Health Geogr 9: e57. doi:10.1186/1476-072X-9-57.
PubMed: 21040555.
10. Simarro PP, Cecchi G, Franco JR, Paone M, Fèvre EM et al.
(2012) Estimating and mapping the population at risk of
sleeping sickness. PloS Negl Trop Dis 6: e1859.
11. Tibayrenc R, Gruvel J (1977) La campagne de lutte contre les
glossines dans le bassin du lac Tchad. II. Contrôle de
l’assainissement glossinaire. Critique technique et financière
de l’ensemble de la campagne. Conclusions générales Rev
Elev Méd VET Pays Trop 30: 31-39.
12. Tibayrenc R (1977) La campagne de lutte contre les glossines
dans le bassin du lac Tchad. Prospections Pulvérisations
Premières Conclusions Rev Elev Méd VET Pays Trop 20: 19-30.
13. Bouyer J, Solano P, Cuisance D, Itard J, Frézil J-L et al. (2010)
Trypanosomosis: Control methods. In: P-C LefèvreJ BlancouR
ChermetteG Uilenberg. Infectious and parasitic diseases of
livestock. Paris: Éditions Lavoisier. pp. 1936-1943.
14. Bouyer J, Stachurski F, Kaboré I, Bauer B, Lancelot R (2007)
Tsetse control in cattle from pyrethroid footbaths. Prev Vet
Med 78: 223-238. doi:10.1016/j.prevetmed.2006.10.008.
PubMed: 17126431.
15. Torr SJ, Maudlin I, Vale GA (2007) Less is more: restricted
application of insecticide to cattle to improve the cost and
efficacy of tsetse control. Med Vet Entomol 21: 53-64. doi:
10.1111/j.1365-2915.2006.00657.x. PubMed: 17373947.
16. Bouyer J, Stachurski F, Gouro AS, Lancelot R (2009) Control of
bovine trypanosomosis by restricted application of insecticides
to cattle using footbaths. Vet Parasitol 161: 187-193. doi:
10.1016/j.vetpar.2009.01.018. PubMed: 19231084.
17. Bourn D, Grant IF, Shaw APM, Torr SJ (2005) Cheap and safe
tsetse control for livestock production and mixed farming in
Africa. Asp Appl Biol 75: 1-12.
18. Welburn SC, Coleman PG, Maudlin I, Fèvre EM, Odiit M et al.
(2006) Crisis, what crisis? Control of Rhodesian sleeping
sickness. Trends Parasitol 22: 123-128. doi:10.1016/j.pt.
2006.01.011. PubMed: 16458071.
19. Stachurski F, Lancelot R (2006) Foot-bath acaricide treatment
to control cattle infestation by the tick Amblyomma
variegatum. Med Vet Entomol 20: 402-412. doi:10.1111/j.
1365-2915.2006.00648.x. PubMed: 17199752.
20. Eisler MC, Torr SJ, Coleman PG, Machila N, Morton JF (2003)
Integrated control of vector-borne diseases of livestock--
pyrethroids: panacea or poison? Trends Parasitol 19: 341-345.
doi:10.1016/S1471-4922(03)00164-8. PubMed: 12901934.
21. Bouyer J, Stachurski F, Gouro AS, Lancelot R (2008) Traitement
insecticide des bovins contre les glossines par pédiluve en
conditions expérimentales. Rev Elev Méd Vét Pays Trop 61:
161-167.
22. Bouyer F, Hamadou S, Adakal H, Lancelot R, Stachurski F et al.
(2011) Restricted application of insecticides: a promising
tsetse control technique, but what do the farmers think of it?
PLOS Negl Trop Dis 5: e1276. doi:10.1371/journal.pntd.
0001276. PubMed: 21858241.
23. Challier A, Laveissière C (1973) Un nouveau piège pour la
capture des glossines (Glossina: Diptera, Muscidae):
description et essais sur le terrain. Cah ORSTOM, sér Ent Méd
et Parasitol 10: 251-262.
24. Desquesnes M, Bengaly Z, Millogo L, Meme Y, Sakande H
(2001) The analysis of the cross-reactions occurring in
antibody-ELISA for the detection of trypanosomes can improve
identification of the parasite species involved. Ann Trop Med
Parasitol 95: 141-155. doi:10.1080/00034980120050251.
PubMed: 11299121.
25. Goldstein H (1999) Multilevel statistical models. London:
Arnold Publishers.
26. Core R Team (2013) R: A language and environment for
statistical computing. Vienna: R Foundation for Statistical
Computing. Available: http://www.R-project.org.
27. Bates D, Maechler M, Bolker B (2011) lme4: Linear mixed-
eects models using S4 classes, R package version
0.999375-40/r1308.
28. Torr SJ, Mangwiro TNC (2000) Interactions between cattle and
biting flies: effects on the feeding rate of tsetse. Med Vet
Entomol 14: 400-409. doi:10.1046/j.1365-2915.2000.00257.x.
PubMed: 11129704.
29. Dyer NA, Ravel S, Choi K-S, Darby AC, Causse S et al. (2011)
Cryptic Diversity within the Major Trypanosomiasis Vector
Glossina fuscipes Revealed by Molecular Markers. PLOS Negl
Trop Dis 5: e1266. doi:10.1371/journal.pntd.0001266. PubMed:
21858237.
30. Bouyer J, Stachurski F, Gouro AS, Lancelot R (2008) On-station
cattle insecticide treatment against tsetse flies using a
footbath. Rev Elev Méd Vét Pays Trop 61: 153-160.
31. Rogers DJ (1990) A general model for tsetse populations.
Insect Sci Appl 11: 331-346.
32. Adam Y, Cecchi G, Kgori PM, Marcotty T, Mahama CI et al.
(2013) The sequential aerosol technique: a major component
in an integrated strategy of intervention against riverine
tsetse in Ghana. PLOS Negl Trop Dis 7: e2135. doi:10.1371/
journal.pntd.0002135. PubMed: 23516662.
33. Rayaisse JB, Kröber T, McMullin A, Solano P, Mihok S et al.
(2012) Standardizing Visual Control Devices for Tsetse Flies:
West African Species Glossina tachinoides, G. palpalis
gambiensis and G. morsitans submorsitans. PloS Negl Trop Dis
6: e1491.
34. Bouyer J, Guerrini L, Desquesnes M, de la Rocque S, Cuisance
D (2006) Mapping African Animal Trypanosomosis risk from
Treating Cattle to Protect People?
PLOS ONE | www.plosone.org 9 June 2013 | Volume 8 | Issue 6 | e67580
the sky. Vet Res 37: 633–645. doi:10.1051/vetres:2006025.
PubMed: 16777035.
35. Pagabeleguem S, Sangaré M, Bengaly Z, Akoudjin M, Belem
AMG et al. (2012) Climate, cattle rearing systems and African
Animal Trypanosomosis risk in Burkina Faso. PLOS ONE 7:
e49762. doi:10.1371/journal.pone.0049762. PubMed:
23166765.
36. Van den Bossche P, de la Rocque S, Hendrickx G, Bouyer J
(2010) A changing environment and the epidemiology of
tsetse-transmitted livestock trypanosomiasis. Trends Parasitol
26(5): 236-243. doi:10.1016/j.pt.2010.02.010. PubMed:
20304707.
37. Bouyer J, Balenghien T, Ravel S, Vial L, Sidibé I et al. (2009)
Population sizes and dispersal pattern of tsetse flies: rolling on
the river? Mol Ecol 18: 2787–2797. doi:10.1111/j.1365-294X.
2009.04233.x. PubMed: 19457176.
38. Hargrove JW (2003) Tsetse eradication: sufficiency, necessity
and desirability; DFID Animal Health Programme, editor.
Edinburgh: Centre for Tropical Veterinary Medicine. 134 p
39. De deken R, Van den Bossche P, Van Hees J (1998)
Susceptibility of Tsetse Flies to Topical Applications of
Deltamethrin. Ann N Y Acad Sci 849: 450-455. doi:10.1111/j.
1749-6632.1998.tb11095.x. PubMed: 9668511.
40. Rogers DJ (1988) A general model for African Trypanosomiasis.
Parasitol 10: 193-212.
41. Funk S, Nishiura H, Heesterbeek H, Edmunds WJ, Checchi F
(2013) Identifying Transmission Cycles at the Human-Animal
Interface: The Role of Animal Reservoirs in Maintaining
Gambiense Human African Trypanosomiasis. PLOS Comput
Biol 9: e1002855. PubMed: 23341760.
42. Welburn SC, Picozzi K, Fevre EM, Coleman PG, Odiit M et al.
(2001) Identification of human-infective trypanosomes in
animal reservoir of sleeping sickness in Uganda by means of
serum-resistance-associates (SRA) gene. Lancet (North Am Ed)
358: 2017-2019
43. Stachurski F (2000) Invasion of West African Cattle by the tick
Amblyomma variegatum. Med Vet Entomol 14: 391-399. doi:
10.1046/j.1365-2915.2000.00246.x. PubMed: 11129703.
44. Vale GA, Grant IF, Dewhurst CF, Aigreau D (2004) Biological
and chemical assays of pyrethroids in cattle dung. Bull
Entomol Res 94: 273-282. PubMed: 15191628.
45. Camara M, Kaba D, Kagbadouno M, Sanon JR, Ouendeno P et
al. (2005) La Trypanosomose Humaine Africaine en zone de
mangrove en Guinée : caractéristiques épidémiologiques et
cliniques de deux foyers voisins. Med Trop 65: 155-161.
46. Grady SC, Messina JP, McCord PF (2011) Population
Vulnerability and Disability in Kenya’s Tsetse Fly Habitats. PloS
Negl Trop Dis 5: e957.
47. Habtewold T, Prior A, Torr SJ, Gibson G (2004) Could
insecticide-treated cattle reduce Afrotropical malaria
transmission? Effects of deltamethrin-treated Zebu on
Anopheles arabiensis behaviour and survival in Ethiopia. Med
Vet Entomol 18: 408-417. doi:10.1111/j.0269-283X.
2004.00525.x. PubMed: 15642008.
48. Rivero A, Vézilier J, Weill M, Read AF, Gandon S (2010)
Insecticide control of vector-borne diseases: when is
insecticide resistance a problem? PLOS Pathog 6: e1001000.
PubMed: 20700451.
49. Lehner B, Verdin K, Jarvis A (2008) New global hydrography
derived from spaceborne elevation data. Eos 89: 93-94. doi:
10.1029/2008EO100001.
Treating Cattle to Protect People?
PLOS ONE | www.plosone.org 10 June 2013 | Volume 8 | Issue 6 | e67580
